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Abstract

Large language models have gained immense popularity in the last couple of years, with
models like ChatGPT and GPT-4 revolutionizing natural language processing research
and taking exciting steps towards artificial general intelligence (AGI). Despite several
large language models being open-sourced, such as LLaMA, these models primarily
focus on English and Chinese corpora, with limited applicability to other languages.
For minority languages such as Korean, the applicability of large language models is
even more limited.In this paper, we enhance the applicability of LLaMA to the Korean
language by extending its existing vocabulary with an additional 20,000 Korean to-
kens, improving its ability to encode and semantically understand Korean. We further
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continue pre-training the model with Korean data, fine-tune the model with a Korean
instruction dataset (SFT: Supervised Fine-Tuning), and analyze the impact of varying
amounts of data on the fine-tuning effect. The model after continued pre-training and
instruction fine-tuning significantly improves the model’s ability to understand and ex-
ecute Korean instructions. With the proposed approach, the capability of LLaMA to
understand and generate Korean text is greatly enhanced, and its ability to follow in-
structions is strengthened. Experimental results show that the newly proposed model,
Ko-LLaMA, significantly outperforms the original LLaMA in terms of understanding
and generating Korean content. Furthermore, in the comparison of effectiveness on
the YNAT dataset for fresh language text classification, Ko-LLaMA was compared
against the CINO model, which excels in minority languages, along with various com-
binations of CINO models, original LLaMA, and GPT-3.5. The results indicate that
Ko-LLaMA'’s ability in classifying Korean text far surpasses that of CINO and its
combinations, as well as LLaMA and GPT-3.5, which have not undergone vocabulary
expansion and continued pre-training on Korean language corpora.

Keywords: Korean , Large language model , Vocabulary extension , Continued
pretraining , Command fine-tuning
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MEERTES R (LLMs) RIHIL, BREF LB T LR Ueas - X
RUH B R RN 2 T IR R M 2 ok, BN TR AN A SR LR A SO 5 T R I
HTIEARIEES - S5RFETIOREMBTIZRE S &S (WBERT) AR, GPTAZF(Brown et
al., 2020)58Y | SCARERL, (EENTH L EABER B & & 2 E Q&N . EFRERE. GPTHIE
MEFTALS, RIChatGPTHIGPT-4, 22| THRAISRTE, M TR s & R i AT R if 3L 1
B SRS AL -

IR, RELLMsBE AR AW ), {HLLMsHSEHE B R KAIPRE], X LEFRHIfA 1%
BIFI T AT 5T - S E AR ER AT R B, PRI TR R P71, TS T &
JZ B3t R EE T TR ST AT i - oAb, YIZRAER B X AR A B /R BT A H R,
S IRE REOR Z BT T E R YR DR, SR T AT R R - T RO X LR
i, NLPAFFE M T 050 TR A A, DA I BE R s B EEFA M < LLaMA (Touvron et al.,
2023a) ~ LLaMA-2(Touvron et al., 2023b)FlAlpaca(San-Martin et al., 1968) /& X LB LA .
FHT o XEIFRAILLMs &R 22 AR B 5T, INRNLPAIE A 20« TFFX AL /) B 7Y
FAE— A TR L - fOAMTEG RIS, REAEEHTAMAHARRK . BT
MULLMs, FrLly 7o DB RRE S EA RE S A B, BT R —3 AT LUE T
HRBEHEER R RE SRS, BT LUUREEREESRANMR S AR -

H AT, P9 3L K8 B IR 7 2 UG 1 AR i & J TS T DB R R 5 s ok
i, KRS RE T 2R B, 108 &I N ARCR o Ao SOOI R SR AR AR L
PCH B Token,  ToIXSR S AR A FAGETE SCA o 181X R LLaMARR TS AT IR 958« 4%
BETRNSR ~ FE RS TAE, RRMIIRS T LLaMAX EASEE A ERER AL A AVBE ST, 128 T
KI5 TR AR E A RE

AT FE TR T

1) B WK E R FEIE I ZRER, # HSentencePiece T. B 5% FIBPERY 4317 J5 20 18 A i
100, H5FRRLLaMATR R #1759, ¥ 78 7 20,0001 FAEE B Token » - H % B Kk E
BE(LoRA)J7i%, W#HATIRIFRY 75 AOBIRIAT TAREETI SR, MR BT EBIERAE
NEEFRE T AT P A AR

2) il i A FF BOYNATER 6 18 SO AR 4 R AR £ M3 T 8 #54567855 Il 4r £ ~ 910455 58 1iE
£ 910455 Mt 48 W A BE R SCAR S R FE S A EIE 8, HXT BRI ST S R0,

©2024 FEVHEIEFTEAE
RIE (Creative Commons Attribution 4.0 International License) ¥FA] HAR

PP E SO E AR, 230002415, KR, L 202447925 H 228 H
: Eawl
(c) 2024 HEAPELFSHIEF A LVERE 231



HEESY

ST T ANEEE E XA IR S RUASCER N, BERE TR EE SUAR KB
BB o B FEYNATEA 15 AR 5 REPEE L AXT 05, 3 AHKo-LLaMA B %L 5
7FCINO M CINOFH FH G 1A .

2 MXIE

RIBESBMAEXNERE T ERRNED, BT RFIMEESRILELERT R,
BOBFRY T - HETIGR - 18— RINNZRTE A& IR -

OpenAI#E20184F B X $& i T GPT(Generative Pretrained Transformer)(Radford et al.,
2018) - XA T Transformer B RS 28 2848, FEEA T — 12 W A0 E 5 KA B tnt
ISR . MRS, GPTA] LU 7845 € £ 55 R b o 47 S0 R i B & FRINLPAE
%, HI/EFRHE S5BertR B, HIETYIZREALGEH o 720195, OpenAIX 1 | GPTHI 5
T H, BDGPT-2(Radford et al.,, 2019).- S5GPTH ., GPT-2E®E LS5 (MA1L.1Z N
F3.412) o GPT-27E¥F ZNLPEMEM R AFBUE T AUE I FE I - 20204E, OpenAl%Z fi | GPT-
3(Mann et al., 2020), J&4RRAESTHEE, WHLT50(010 28 . GPT-37E R A AES
FRIRINEE R T2 SERI RS o FEGPT-3REA £, Open AL — 34T T, T20214F
R AT T InstructGPT(Ouyang et al., 2022) - X MREAZ 5 T REMEAIGRFMEIRFE, §
FEHEMPATH P A$E 4 o InstructGCPTHIIG SRR AR TN E - F—MEZTI%, X
R RER BB MUK F#E TR TS B2, XEE—DEN, FEN, HAR
B A R ER S BT o InstructGPTEEVF 2 KPR R # R I H 8, T HIAR =L
B BMAEEIR . FOHP I HHEESE . H TinstructGPTHI R T, OpenAlx 2|8 &
HF20224E11 AR & #i T ChatGPT, ChatGPT—2 &M EZE| T/ Z R E, B AR 2
¥ o InstructGPTHIChatGPTHR & MGPT-3RE T2, EMATA X A5E, InstructGPTZ& R T
FREAHATH A 0T84, TMChatGPTIE N T #84T B PR « BT EARX A, #E 75
BELE VR B R ZE 20 Instruct GPTIV I ZRI B, B2 TGPTIRE R, B FiA T/EE
TR I, BT PALLaMA (Touvron et al., 2023a)E A MetaFF IR PR & — > LI
TFHEEE, T HLLaMAZERTINLPAESS EEUS T BE AR -

LLaMAfE N — & AR RIESEBEAERIESEB T 5 LM H 7TRB e, H
TLLaMAREE R RUR ERIE S, FEHMEMN ERILERMGE IR EREL, I
PILLaMAZEEABIE S AN EFIR BB AR T 1R RY S+ R T ZR+- 18 < A B 2870
7\ o Chinese-LLaMA (Cui et al., 2024)J&7F LLaMA Al _F 8658 T A SCRE S, X at T —fb
R . BORINEE AR ICEE ST T & H LLaM A RUSHEEE AR AN A AR RE T 228 B — L8, (H2 901
TiX— BRI -

3 Ko-LLaMA %52

3.1 JFERRLLaMA-7BiAEY 7

LLaMA-7TBRIIZRE R & 14T Token, HAFKE D ZHE L, —/ N 2f TIiEfHE
HERINIE S (Xia et al., 2023) - FIt, LLaMAJLFIES LRIBE N RE T ©EE ZEMAEEER
HHARRE ST - WP R R, LLaMAJL B REHEHE B A RGeS, ERIEEE % ENLPIE
% L RIMEERES - 7 T TLLaMA B3 EAEEEFREFIAE BCRE S7, Tl 158 FHSHERIE B KL E
STLLaMARTFEAT ARSI SR - IR, B0 SHERIE B R A T AR S 001 4R T 1 — Lk -
B, FRIAMLLaMATRIC £ 68 & iFEIEEE TokendE 7 /D, XN R LIRS — M I EHERE UAR . B
INLLaMA Tokenizer 7] DL it B3R B 1 B 5 S s TE 717, (HiXFRELHR RS 2 B3
WIS, RS REE TR IR 2 M 3-41F T Token, FEIK T BHERE AR O Jm g A
FERDRCR . HIR, P19 Tokens MU T HRIARFAEREFRF, 18 THRIREHEUTF-8 Tokens, JifPA
{5 FH 5771 Tokens 7 HEAR MELE LLaMA E %0 2 > FH AR A EE 75 Token iE X A FR R o

N T R B SE R AR AL AR, BATE A S AL TE Tokend JRLLaMATA %, F1i
HEARAL LUE N YR G AR (Gao et al., 2023) - ¥ REFEIFR:
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FEFF, AT DANEARLHATRUE, BARRH)I 4R E BIETE R - HriHAE Alpaca(Taori et al., 2023)7&—1
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[ BEs% SHME |

Peak learning rate  2e — 4
LoRA dropout 0.05
Batch size 1024
Max sequence len 512
LoRA rank 8
Torch dtype Float 16
LoRA alpha 32
Weight decay 0.01
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I Loss I e is 5 20 &

AR T | 5 Loss T e P

T —

T T T T T T
0 50 100 150 200 250
Step

3 PREETII %5 Loss TR &

T HEZEPPLA ARG, BT LIEPPLNT 5258 A S5 B AR TE AT H AR TR it i 36 — 3
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L PREEFIN G O T RO 7T 1R 38 20 PR S T SR iR 2 7 2305 3 8] SUA b EE B AL 55t
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PREEFINN Gk LUR BORR T RERS R Rt 2 >) 8] SUAS o B8 S RS PO B 5 - R 4o FE A
RIS RETGFRB RIS G R -

| | IR ART BTG | T ARSI BTG A |
| PPLIE | 41.287 \ 11.683 |

* 2 REHOILRATE REL I PPLEX H

AHAEREHEN AR
=2 567 RIF0| stLt= SF Li2to|Ct.
PER—THAETRE, BE—OHNER.
ZRImNGU R ST

I SOME 71 g2 Q7 E RISt A2 SHE0|0, O Qo FF, QFE, EHES S TSt 1IZ0] & 2ot
7t ch o|F A Crgt RIZ0| & of 22 F=e| F5E 2okt HAE 0|F0f L A

L AORZHZNE, RICZINERMIE. Hik. ARRESFSHREERRLEE. NtZHFNRERS
£—ie, AT REFENXENHE.

Ft ot

P 4 CE AT G R O A

HATRAFHE R, DTG5 R SURERMES LR RIFMERERY, ERLIAT
AAEIRES O, BIAnSCARTEEE - PLas BN R 2 DL 3K - b — 0 BB S AT IR R 14
RILAER IR MES EROVERE, FERTHa TR0 AR 4 € (R 55 AP RE -

4.2 FBAROASSE

4.2.1 SEREIES

AR ISR EURE & B EE T A TT BY NATEE 1 B R Y Alpacakg 20 A Prompt B AR
TS S|, HA)lZ4r8456785%, 0UFE01045%, MIiEE91045%, A& FHEEE LA N H AT s
FIRF SR - &5« XL - B8 /R« 2 AT 1R BRI LA .

Prompt 25

Ot XS MYse HHYULICLQAHS NESA 2asts SHS I §LI

bl

J

HHIR| Al A
|||, "AbE| ||,||_E_§I_|l,||k"7“ ","IT\ﬁEE )5 ||’||||]. I'Ql

###EE S AL S

THEMRMESHIES . REEYZRIELSWEE.
HEHTE S Ay
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4.2.2 TERIEALBRYE
KT FEKo-LLaMA 5 CINO JAH AR 31T 43 FRRAIT E WIBHEFRER FIVERR R (A) « 5T
R (P)~ BEZER)LLFUEIERSEIEFIIEN R T B AR

Trp +TrN

= 4
Trp+Try +Trp +TrN @
— _ Trp (5)

Trp+TFrp

Trp

— s 6
Trp+Trn (6)

2x Px R
F1l= 7
P+R ")

N Trp AERBETRC;, HHDREBIEW D RBRCIERE, Trp WEARE T RO,
EWE DRI RNRCHIEARE, Ten NERB T RC, HH R0 2 HA KA ARE . AR
Frtf o EHEETE R RB T 2 9 RAESS, IR Z PR E B 4 R B BT &
BRJBIPFR, FifTEARFEERNRE SAEPHIR, &5 8 (7)=EF2F1 -
4.2.3 EBRE

TR RORER A RO B SRETNGRE 2 S50 B R NER, EAER SRR RHE, &
B Z2E 3] R RN, H BT EEES N TR EREE, B PLEAT /] DO & RIAE RS 7N
—L . NHEEREIE SRR BRI SEES -

[ EEsE  SHME |

Peak learning rate  le — 4
LoRA dropout 0.05
Batch size 1024
Max sequence len 512
LoRA rank 8
Torch dtype Float 16
LoRA alpha 32
Weight decay 0

* 3 R MANIGINSEE

AT 5 P B

1) 38U A [F 088 & 5 2o Tl 45 DLE B2 68 1 AU 2 e, o3 1 B AL e )1 2 4R 209
BI1% ~ 5%~ 20% ~ 50% ~ 80% ~ 100% FAIEUHE X 4 S 70031 25 LA J5 AR R 347 38 & 0 R 58
UERER:

2) 4 5l K FCINO J2 CINO+TextCNN « CINO+BIiLSTM « CINO+TextCNN+BIiLSTM ( #&
AUEREL, NHEFHModel series) ~ CINO4TextCNN/BiLSTM (TextCNNAIBiLSTMH Bk
FECINOJS T , "R T ¥ HModel parallel) LA K Ko-LLaMAZEYNATHUHE 5 b 3 17 190 10 5

%

4.2.4 SEREERSHT

STV B IS IE £ Loss i N EI6 TR « FOTIIZRR By Loss FREARFFEMLL, #RJ2 B 2 5]
TR, SRIEZETFRIFETIRE - SIMH B 547

BRI B2 K BEIE LTG0, (B2 YR IT IR R E 55 OEE b 7 AR
TR BT — S HE A LUEROX N FMESS - ERVARPIEIE, AT TSR
BRSO MAANE, FHEARESHERAMRE, XS 8T EREYIE T rEEER . mbEE M
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RIREAT, BRI RS BHE A R A, BICERTRANRER/DN, HitLoss T FHEH)HE

15 2 WA Loss TR

r " r r T r
0 30 100 150 200 250
Step

6 TEA HLossTn 2k &

BB AISEL . TUEAS FIAE B TR DU T RE 11 Bsenm BT LAFRATT 4 B BEA F Y
TINEEIEEI1% ~ 5%~ 20% ~ 50% ~ 80% ~ 100%3FHF T4, HF1-scoref1Z4Lan T E7HR -

FEBIER B -scoreE
94 92,83 92,98 93.01
91.96 »

F1i-score

1% 5% 10% 20% 50% B0% 100%
RS BHE R

7 AREE R TR L AR F 1-score &

MESH A LLE AN [F ZUHE & 5T N AIF 1-scorefH I 28 (L 1B L AF S Loss N PRI, 21X
F%BEIRR, WA IS ERF O 28R, FrLiFl-scoreflf, Lossim; H4REE3 M4k
BARAT, Loss@URI NFE, Fl-scoredVE s ; FHARSIEMMEIE 250%0, Fl-scoreft D2 T F
o, FREE RN E S SR

B = E T R R, %5213@3—2@34@, K, E, 2024F7H25HE28H.
: Eawl
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R 4 ANRITERL 7 FRBSR Bt H LIS B (B2 %)

ki) R (A) BHE(P) BEZE(R) Fl-score
CINO 87.46 86.57 88.07 87.29
CINO+TextCNN 86.34 86.42 86.2698 86.28
CINO+BIiLSTM 86.62 86.89 86.77 86.78
Model series 87.58 86.15 88.75 87.43
Model parallel 87.99 87.58 89.31 88.44
JRARLLaMA 52.41 53.01 49.68 51.36
GPT-3.5 71.33 72.68 73.59 73.13
Ko-LLaMA 92.56 92.83 93.18 93.01

B BSEE . (FH IR A MR RE AR S T E AR ST 4R UG IR TS BSR4 5 4E
TR, Ko-LLaMATERAEEE SUAR 73 28 L RIRE 1SS T ERFIRF - BRI R H
F3AH, MIELREREGH LTS

253 REL TN 45 A0 8 4 U UK o- LLaMA R SUR B 15 2 1 T-CINORY £ R 40 A 1 7Y A 3
R, HHWKo-LLaMARE! S50 £ 4 H B2 KM FNERE L7 T lg, 4HZET
TR T L REETN S, AR A DIAR B A2 3 B BB E A0 AE R SR I HET B AR, R AT Ko-
LLaMA SR AL F R EZ S R Y AT KB SR (JRRLLaMAFIGPT-3.5)
FIREER S A4 M7 R R AR LLaMAFIGPT-3.518 38 A ikt /D BHEE1E Token 5 U6 5HELE 1) 4w 1D BE
TR, H B ARG S FHEE R RO TII45 5 8 S B0 B ERE I RERE I N . SR TETR S
VREIEE L, iR E FE N Prompt 5 | SR AR SE AL — 1 2 FALSS, XA AT DU 4
H2 S BT £ R — N BAES - & Ko-LLaMATEYNATHHEEE A 4> R E0EE F R
e R (A) 92.57% - FEIHE (P) 92.83% -~ AEZE (R) 93.19% - Fl-score 93.01% -

5 B

AR T —FE TLLaMA H B8 9% 3 f# D 8 R R 8 5 -5 895 1) K18 5 Ko
LLaMA - [ 7y i IRLLaMATC 1% 38 8 A0 42 A 8RB 35, B DLIATT 38 b 17 &3 &b #9207 4 3
¥ i Token, JF H 5 Jf IRLLaMA#E 1T T i R & JF . & & 18 £ K/ H49924; R )5 8 i
€ HX 586425 8 ff 15 SUA #F 47 T 4R 2 FIl 2%, 72 Y %k ik 78 o {F FHPEFTE 2 i
HLoRAM 2 50 5 %5l 45, [A] B {F FiDeepSpeedde 4 (L 1 4553 F2 P AU N R R, @ T
GREETNZR, FKo-LLaMARE % ¥ 8 F1 A2 A A BE 18, H TEUR E MRS, FHEE N
BRI ANERAE, ARHET - SREANES,;, R8T 2
98 EYNAT, % B8 7 30 i AlpacafIPromptig =X 7F 47 #8 3% £ 98, JF B X% 4% 22 7l il %k DA
Jo BB R AT R S SO ZR L aE o Bl AL S ECR [F] BG4 B R S R BE o AT 48 & B
WlZR, 8T T AREIEEXN B2 MASCR AR, S 25 58E 5 2 ORI 2
PLUE fKo-LLaMATE BHEE T LA RES LB N CEBE TEERS - HATED
5CINO + CINO+TextCNN « CINO+BIiLSTM « CINO+TextCNN+BiLSTM -
CINO-+TextCNN/BiLSTM DL M JR RLLaMAFIGPT-3.5% — RFEA 17 H 3R, Ko-LLaMAK)
HRIEE SO 4> KRR L CINO % — R YRR B B 11 .

)
A E R AR R4 E AT H(22&2D035), R B R K 2 T H (GRSCP202316,
2023QNYL22, 2024GJYY43)%
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